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SECTION  I 


INTRODUCTION 

MISERS  BLUFF,  Phase  II,  Test  2  was  the  near  simultaneous  explosion 
of  six  120  ton  ANFO  charges  on  the  corners  of  a  hexagon  100  m  on  a  side. 

The  details  of  the  experiment  are  described  in  Reference  1. 

There  were  stress  and  strain  measurements  made  at  three  places  in 
the  test  bed  and  at  several  depths  shown  in  Figure  1  (Reference  2).  The 
comparison  of  stress  and  strain  at  the  same  time  at  the  same  depth  will 
produce  a  dynamic  stress-strain  curve  of  the  material  reaction.  The  re¬ 
sulting  curve  may  be  markedly  different  from  a  static  uniaxial  stress- 
strain  curve  and  can  only  be  checked  against  a  dynamic  calculation.  The 
air  shock  wave  speeds  are  very  high  compared  to  the  material  wave  velocity 
and  the  waves  are  relatively  long  compared  to  gage  depths,  so  the  initial 
compressive  motion  should  be  uniaxial,  but  after  a  time,  effects  from 
other  parts  of  the  test  bed  will  be  seen.  Reflections  from  layers,  waves 
from  cratering  regions  and  high  shock  pressure  regions  that  develop  through 
shock-shock  interactions  will  all  perturb  the  test  bed  in  a  three  dimen¬ 
sional  way.  Therefore,  only  the  compressive  phase  of  the  data  is  being 
considered. 

Analysis  of  the  dynamic  stress-strain  data  shows  different  behavior 
in  two  different  parts  of  the  test  bed,  although  large  energy  absorption  in 
the  soil  is  indicated.  The  air  shock  structure  is  not  reproduced  in  the 
stress  records  from  shallow  gages  and  significant  attenuation  of  the  peak 
pressure  is  observed  with  depth. 


1.  "Misers  Bluff  Series;  Phase  II,  Ground  Shock  and  Airblast  Measurements 
Data  Report",  Final  Report,  WES,  M.P.N.-78-4,  June  1978. 

2.  "Soil  Strain  Measurements  on  Misers  Bluff  -  Phase  II",  DNA  Topical 
Report,  R.  A.  Shunk  (unpublished). 
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1.  Measurement  and  charge  locations  for  the  stress- 
strain  measurements  on  Misers  Bluff-Phase  II. 
Horizontal  stresses  are  measured  in  the  directions 
of  the  arrows  at  the  measurement  locations. 
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SECTION  II 


DYNAMIC  STRESS-STRAIN  MEASUREMENTS 

The  strain  measurements  were  made  with  a  telescoping  spool  gage 
(Reference  2)  with  a  span  of  2  cm.  The  output  was  derived  from  a  linear 
variable  differential  transformer  with  a  linear  range  of  5  cm.  The 
stress  measurements  were  made  with  the  Waterways  Experiment  Station  (WES) 
"SE"  gage,  a  small  diaphragm-type  stress  gage  (Reference  3)-  The  diaphragm 
deflection  is  detected  by  strain  gages  cemented  to  the  diaphragm.  All  sig¬ 
nals  were  recorded  on  magnetic  tape  as  analogue  voltages  which  were  later 
digitized  and  plotted  at  WES. 

The  material  in  the  upper  meter  of  the  test  bed  where  these  measure¬ 
ments  were  made  was  a  weak  aeol ian  soil  with  a  void  ratio  of  40%  (Refer¬ 
ence  4) . 

Unfortunately,  the  return  from  the  stress  data  was  not  as  high  as 
desired  and  some  gages  did  not  produce  data  for  one  reason  or  another. 

Thus,  at  several  depths,  only  horizontal  stress  data  are  available.  The 
data  at  1.2  m  depth  and  at  0.3  m  depth  at  the  6m-  180  station  shows 
that  the  vertical  stress  is  twice  the  horizontal  stress.  So  to  get  the 
dynamic  stress-strain  curves  in  Figure  12,  the  horizontal  stress  was  multi¬ 
plied  by  two  to  get  an  estimate  of  the  vertical  stress.  The  supporting 
stress  and  strain  records  for  240  -  87.7  m  are  shown  in  Figures  7  through 

11 . 

The  curves  in  Figure  12  shov;  the  strain  decreasing  with  depth.  The 
peak  strain  is  -17%,  well  within  the  gage  range  of  -22%  (negative  strain 


3.  Ingram,  T.  D.,  "Development  of  a  Free-Field  Soil  Stress  Gage  for  Static 
and  Dynamic  Measurements,"  Technical  Report  No.  1-8l4,  Feb.  1968,  U.S. 
Army  Engineer  Waterways  Experiment  Station,  CE,  Vicksburg,  Miss. 

4.  Jackson,  Ed,  "Geotechnical  Investigation  for  Misers  Bluff  II"  in  the 
Misers  Bluff  Phase  II  Symposium  Report,  POR  7013,  (unpublished),  U.S. 
Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Miss. 
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is  compressive).  The  peak  stress  is  not  falling  off  with  depth.  An 
increase  in  stress  at  1.2  m  over  the  stress  at  0.6  m  cannot  be  explained. 
The  large  open  loop  of  the  stress-strain  curves  indicates  large  energy 
absorption. 

The  data  from  the  area  at  6  m  range,  180  from  the  array  center  will 
be  examined  next.  The  overpressure  waveform  is  shown  in  Figure  13-  The 
data  from  the  two  stress  gages  at  0.3  m  are  shown  in  Figures  14  and  15.  A 
large  attenuation  in  pressure  is  apparent.  The  strain  record  at  0.3  m  is 
not  credible  because  the  form  indicates  gage  failure  and  will  not  be 
discussed.  The  main  point  of  showing  these  near  surface  gage  records 
is  to  point  out  how  the  structure  in  the  air  pressure  appears  tr*  be 
washed  out  by  the  soil  or  the  combination  of  soil  and  stress  g~. ^  inter¬ 
action.  A  similar  thing  happened  at  2^0°  but  one  of  the  lower  gages 
(Figure  7)  seems  to  show  the  air  pressure  structure. 

The  response  of  the  shallow  stress  gages  to  the  multiple  spikes  in 
the  air  pressure  waves  is  indicative  of  material  response  after  the  initial 
air  shock  loading  that  is  not  understood.  For  example,  the  air  shock  wave 
histories  at  both  locations  contain  several  spikes.  At  87  m,  2A0°  there 
are  two  very  distinct  spikes  of  about  the  same  amplitude  (Figure  2).  The 
stress  gage  records  at  0.3  m  depth.  Figure  and  5,  show  no  indication  of 
the  second  spike.  There  is  a  problem  here  in  that  the  horizontal  stress 
recorded  is  higher  than  the  overpressure  which  is  unlikely.  The  horizontal 
stress  gages  were  oriented  with  the  sensitive  direction  toward  the  nearest 
charge.  A  sharp  third  spike  of  about  two  thirds  the  amplitude  of  the  first 
two  appears  in  the  pressure  wave  at  about  23  msec.  There  is  a  rise  in  the 
vertical  stress  record  at  the  correct  time  to  represent  this  air  pressure 
spike  but  it  only  goes  to  about  0.40  of  the  peak  stress  value.  At  6  m  - 
180°,  there  is  a  somewhat  similar  effect  where  the  first  vertical  stress 
rise  in  Figure  14  is  about  the  same  as  the  air  pressure  rise  in  Figure  13, 
about  2  Mpa.  The  air  pressure  wave  decays  slightly  and  two  more  distinct 
spikes  follow  in  the  air  pressure  record.  These  are  reproduced  in  time 
in  the  stress  record  but  very  poorly  in  amplitude.  The  stress  gage  shows 
3.1  Mpa  compared  to  9  Mpa  for  the  third  air  shock.  The  horizontal  stress 
gage  in  Figure  15  shows  sharper  rise  times  but  lower  amplitudes  and  in 
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both  instances  the  second  spike  is  lower  than  the  first.  Soil  strain  at 
87  m,  240°  is  less  than  -10%  when  the  second  spike  arrives.  Soil  strain 
at  6  m,  180°  is  probably  on  the  order  of  -10%  when  the  second  spike  arrives. 
Thus,  some  change  occurs  in  the  material  and/or  the  stress  gage  which,  after 
the  material  is  compacted  and  partially  unloaded  in  stress  but  not  in  strain, 
does  not  allow  the  stress  gage  to  respond  to  the  surface  pressure  less  than 
0.3  m  away . 

The  initial  soil  stresses  and  accelerations  are  quite  high  near 
the  surface  and  one  can  conjecture  about  differential  motion  between  the 
outer  protective  steel  ring  of  the  stress  gage  and  the  less  dense  gage 
body.  The  ring  is  there  to  remove  the  cross  axis  sensitivity  of  the  gage. 

(A  soft  rubbery  material  separates  the  two.)  If  this  motion  were  signi¬ 
ficant,  the  stress  gage  body  would  be  exposed  to  edge  effects  created  by 
the  ring  that  is  supposed  to  protect  it,  causing  a  distorted  waveform. 
Theoretically,  this  would  only  occur  during  the  initial  wavefront  passage, 
but  could  have  a  lasting  effect  on  gage  response. 

The  dynamic  stress-strain  data  for  l8o°  -6m  are  shown  in  Figure  23 
for  three  depths  where  stress  measurements  are  available.  They  show  an 
open  loop  response  but  have  a  stress  cutoff  unlike  the  data  at  2i*0°.  There 
is  a  definite  decrease  in  peak  compressive  strain  with  depth.  The  supporting 
data  are  shown  in  Figures  16  through  22. 


SECTION  III 


CONCLUSIONS  AND  RECOMMENDATIONS 

How  much  the  different  material  reactions  in  the  two  measurement 
locations  depend  on  the  peak  overpressure,  overpressure  waveforms  and  the 
interactive  material  properties  cannot  be  sorted  out  by  inspecting  these 
data.  However,  it  is  clear  that  a  large  amount  of  energy  is  dissipated 
in  this  material  during  shock  loading.  The  stress  gage  and  material  res¬ 
ponse  to  multiple  shock  loadings  needs  to  be  explained  if  the  stress  data 
are  to  have  much  value. 

Modeling  of  the  material  and  some  high  pressure,  one  dimensional 
shock  loading  tests  of  similar  materials  in  a  realistically  scaled  facility 
could  be  used  to  get  some  additional  information  on  dynamic  stress-strain 
behavior.  A  one  dimensional  experiment  would  be  valuable  where  stress, 
strain  and  acceleration-velocity  can  be  measured  with  multiple  step  sur¬ 
face  loads  of  on  the  order  of  2  to  10  Mpa.  A  one  dimensional  calculational 
effort  using  a  material  model  structured  around  the  MISERS  BLUFF  soil  might 
give  the  clues  necessary  to  explain  the  stress  data  obtained  on  MISERS  BLUFF, 
Phase  I  I ,  Test  2. 
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Figure  2.  Surface  overpressure  near  the  stress-strain  measurement  locations 


gure  3.  Diaphragm  stress  gages  partially  uncovered  for 
measuring  vertical  and  horizontal  stress. 
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Figure  6.  Vertical  strain  at  87  m,  0.3  m  depth  and  240°  azimuth. 
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figure  10.  Horizontal  stress  at  87  m,  1.2  m  depth  and  240°  azimuth. 
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Figure  l2*.  Vertical  stress  at  6»  m,  0.3  m  depth  and  180°  azimuth. 
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cal  strain  from  6  m,  0.6 
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Figure  18.  Horizontal  stress  from  6  m,  0.9  m  depth  and  l80°  azimuth. 
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Figure  21.  Horizontal  stress  at  6  m,  1.2  m  depth  and  180°  azimuth. 
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Figure  23.  Dynamic  stress-strain  curves  for  three  depths 
at  6  m,  180°  azimuth. 
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